BARBITURATES 


They are among the most useful of all drugs. In small doses 


they act as sedatives; in larger doses they induce sleep; in 


still larger doses thev are able to produce deep anesthesia 


he barbiturates are the most versa- 
| tile of all depressant drugs. They 
can produce the whole range of 
effects from mild sedation to deep anes- 
thesia—and death. They are among the 
oldest of the modern drugs. Long before 
reserpine and chlorpromazine, the bar- 
biturates were being used as tranquil- 
izers. Indeed, phenobarbital has been 
called “the poor man’s reserpine.” Had 
phenobarbital been introduced five years 
ago instead of half a century ago, it 
might have evoked the same burst of 
popular enthusiasm as greeted Miltown 
and its fashionable contemporaries. Not 
that the vogue of the barbiturates is any 
less spectacular, in terms of total pro- 
duction and consumption. The U. S. peo- 
ple take an estimated three to four bil- 
lion doses of these drugs per year, on 
prescription by their physicians. The 
barbiturates rank near the top of the 
whole pharmacopoeia in value to medi- 
cine. They are also a national problem. 
It was nearly a century ago that a 
young assistant of the great chemist 
August Kekulé in Ghent made the first 
of these compounds. In 1864 this young 
man, Adolf von Baeyer, combined urea 
{an animal waste product) with malonic 
acid (derived from the acid of apples) 
and obtained a new synthetic which 
was named “barbituric acid.” There are 
several stories about how it got this 
name. The least apocryphal version re- 
lates that von Baeyer and his fellow 
chemists went to celebrate the discovery 
in a tavern where the town’s artillery 
garrison was also celebrating the day of 
Saint Barbara, the saint of artillerists. 
An artillery officer is said to have 
christened the new substance by amal- 
gamating “Barbara” with “urea.” 
Chemists proceeded to produce a 
great variety of derivatives of barbituric 
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acid. The medical value of the sub- 
stances was not realized, however, until 
1903, when two other luminaries of Ger- 
man organic chemistry, Emil Fischer 
and Joseph von Mering, discovered that 
one of the compounds, diethylbarbituric 
acid, was very effective in putting dogs 
to sleep. Von Mering, it is said, promptly 
proposed that the substance be called 
veronal, because the most peaceful place 
he knew on earth was the city of Verona. 

Within a few months of their report, 
“A New Class of Sleep-Inducers,” physi- 
cians in Europe and the U. S. took up 
the new drugs enthusiastically. More 
and more uses for them were discovered. 
Veronal (barbital) was soon followed by 
phenobarbital, sold under the trade 
name Luminal. In all, more than 2,500 
barbiturates were synthesized in the 
next half-century, and of these some two 
dozen won an important place in medi- 
cine. By 1955 the production of barbi- 
turates in the U. S. alone amounted to 
864,000 pounds—more than enough to 
provide 10 million adults with a sleep- 
ing pill every night of the year. 

As is true of most drugs, we still do 
not know how the barbiturates work or 
exactly how their properties are related 
to their chemistry. The basic structure 
is a ring composed of four carbon atoms 
and two nitrogens [see diagrams on 
page 64]. Certain side chains added to 
the ring increase the drug’s potency; in 
some instances the addition of a single 
carbon atom transforms an inactive form 
of the compound into an active one. 
Empirical analysis of the thousands of 
barbiturates has given us some practical 
information about relations between 
structure and activity. But by and large 
the mode of action of the drugs is an un- 
solved problem. 

We know a great deal, however, about 
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the action itself. We can follow it best 
by examining the successive stages of 
the drugs’ depressant effect on the cen- 
tral nervous system [see “Anesthesia,” 
by Henry K. Beecher; ScrentiFic 
AMERICAN, January, 1957]. From this 
standpoint the barbiturates can be con- 
sidered together as a group, for the dif- 
ferences among them are not fundamen- 
tal and concern such matters as the 
speed and duration of the effect. 

In small doses these drugs are seda- 
tives, acting to reduce anxiety and to 
relieve psychogenic disorders—for ex- 
ample, certain types of hypertension and 
gastrointestinal pain. In this respect the 
barbiturates are yesterday’s tranquiliz- 
ers. They have now taken second place - 
in popularity as sedatives to the newer 
tranquilizers. 

At three to five times the sedative 
dose, the same barbiturate produces 
sleep. Barbiturates are still by far the 
most widely used drugs for this purpose, 
as millions of us know. Hardly any hos- 
pital patient has escaped his yellow or 
red capsule at evening, for it is an ar- 
ticle of clinical faith that the patient 
needs chemical assistance to achieve 
sleep in his new environment. Another 
large block of users are the chronic trav- 
elers by plane and train. Finally there 
are the thousands of sufferers from in- 
somnia who take the drugs habitually. 

Many persons find barbiturate-in- 
duced sleep as refreshing as natural 
sleep. Others awake with a hangover, 
feeling drowsy, dizzy and suffering a 
headache. Tests show that, with or with- 
out symptoms, the barbiturates reduce 
efficiency: six to eight hours after a 
sleeping dose of sodium pentobarbital 
(Nembutal) the subjects perform below 
par on mental and memory tests. The 
various drugs act differently as sleep- 
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FIVE BARBITURATES are depicted at the left as they are com- tached to the carbon atom at the right side of their basic ring struc- 
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BARBITURIC ACID (right), is made by combining urea (left) and malonic acid (right) 
with the elimination of water (colored rectangles). The barbiturate families arise from sub- 
stitution of other substances for hydrogens at position 5 in the basic barbiturate structure. 


producers. Some last for only three 
hours or less, others for six hours or 
more. The shorter-acting barbiturates 
(sodium pentobarbital, secobarbital) 
are appropriate for insomniacs who have 
trouble falling asleep; the longer-acting 
ones (barbital, phenobarbital) for peo- 
ple who go to sleep easily but awake 
after four to six hours. The latter drugs, 
however, are more likely to produce a 
hangover. 

In large doses a barbiturate acts as an 
anesthetic. Not only does the patient 
become unconscious, but his spinal cord 
reflexes are depressed so that the muscles 
are relaxed and manageable for surgery. 
Like the gaseous anesthetics, the barbi- 
turates depress the cerebral cortex first, 
then lower brain centers, next the spinal 
cord centers and finally the medullary 
centers controlling blood pressure and 
respiration. 

The fast-acting barbiturates produce 
anesthesia more rapidly than ether: the 
patient passes from the waking state to 
anesthetic coma in a few moments. 
Sodium thiopental is the most widely 
used. It has important advantages over 
a gaseous anesthetic such as ether. In- 
jected intravenously, it works rapidly, 
avoids the sense of suffocation, requires 
no special equipment, is free from the 
explosion hazard and from respiratory 
complications. A barbiturate anesthetic 
has, however, an outstanding disadvan- 
tage: the dose necessary for good mus- 
cular relaxation may seriously reduce 
oxygen supply to the tissues by depress- 
ing the brain center that drives respira- 
tion. Consequently for a long operation 
the barbiturate is often combined with 
a gaseous anesthetic; for a short one the 
dose is reduced and combined with a 
specific muscle-relaxing drug that has 
no brain-depressant action. 


PP Rete are two other interesting uses 
of the barbiturates. One of them is 
in the field of psychology. As Henry 
Beecher observed in his article on anes- 
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thesia in SCIENTIFIC AMERICAN, an anes- 
thetic can provide “planned access to 
levels of consciousness not ordinarily at- 
tainable except perhaps in dreams, in 
trances or in the reveries of true mys- 
tics.” During World War II the barbitu- 
rates, particularly thiopental, were used 
for analysis and therapy for many thou- 
sands of GIs, who by this means relived 
and verbalized traumatic battle experi- 
ences which had been buried beyond 
voluntary recollection. The inhibition- 
relieving action of these drugs has also 
been employed by the police—in which 
application the press has given them the 
name of “truth serum,” although they 
are neither a serum nor a guaranteed 
truth-producer. 

The other important use of the drugs 
is for the control of epileptic convulsions. 
Certain of the barbiturates—phenobar- 
bital, mephobarbital and methabarbital 
—can prevent or stop these seizures by 
depressing brain activity. Barbiturates 
can contro] not only the generalized con- 
vulsions of genuine (idiopathic) epi- 
lepsy—a disease afflicting almost a mil- 
lion persons in the U. S.—but also sei- 
zures induced by stimulating drugs or 
by bacterial toxins such as tetanus. The 
barbiturates and the convulsant drugs 
act in opposite fashion, and, curiously, 
each is used as an antidote for the other. 
Acute barbiturate poisoning is often 
treated with a stimulating drug such as 
pentylenetetrazol (Metrazol) or picro- 
toxin to bring the patient out of his 
coma; if the dose of the stimulant turns 
out to be too strong, producing convul- 
sions, this in turn is treated with a dose 
of a fast-acting barbiturate! 

The toxic effects of barbiturates are 
subtle and sometimes unpredictable. For 
some patients even a comparatively 
small dose may be dangerous. The body 
gets rid of barbital and phenobarbital 
chiefly by excretion in the urine; for a 
person with damaged kidneys, therefore, 
these drugs become toxic. Pentobarbital 
and secobarbital, two of the most widely 
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used barbiturates, are broken down in 
the liver. Given to a patient with a poor- 
ly functioning liver, they may produce a 
far longer sleep than desired. 


Text to carbon monoxide, the barbi- 
turates are the most popular suicide 
poison in the U. S. They account for one 
fifth of all the cases of acute drug poison- 
ing, and most of these are suicide at- 
tempts. The barbiturates are not, as a 
matter of fact, a very efficient suicide 
agent: only about 8 per cent of those 
poisonees who arrive at hospitals die. 
But they are widely known and readily 
available, and they produce from 1,000 
to 1,500 deaths in the U. S. each year. 

Some of these deaths, though self-in- 
flicted, are accidental. A British physi- 
cian first called attention some years ago 
to a specific and probably common haz- 
ard. The person takes a small dose to 
go to sleep, and later, half asleep and 
confused, he swallows another, lethal 
dose. Some physicians now warn barbi- 
turate-users not to keep their bottle of 
tablets on a night table, where they may 
stretch out a hand to take more while in 
the comatose state. 

There is a comfortable margin of safe- 
ty between the ordinary sleeping dose 
(a tenth of a gram for the average adult) 
and a definitely toxic dose (more than 
half a gram). The lethal dose is usually 
a gram and a half or more. Acute barbi- 
turate poisoning has to be treated 
promptly. Unfortunately it is often not 
recognized in time, because the victim is 
thought to be merely in a deep sleep. 
The first step in treatment is to strength- 
en the victim’s breathing, in a respirator 
if necessary. And a stimulant may have 
to be administered to restore the activity 
of the brain centers. 


ae the barbiturates habit-forming? 
-*. This much-debated question has 
been answered rather conclusively by re- 
cent studies. They can indeed produce 
addiction and chronic intoxication. The 
two chief criteria of addiction to a drug 
are a heightened tolerance to it and 
physical dependence on it, so that re- 
moval of the drug produces withdrawal 
symptoms. A morphine addict, for exam- 
ple, may be able to take many times the 
dose that would be lethal for a normal 
person, and he becomes acutely sick if 
the drug is stopped. Several years ago 
Havelock Fraser, Harris Isbell and their 
associates at the U. S. Public Health 
Service hospital for drug addicts in Lex- 
ington, Ky., made a thorough study of 
whether the barbiturates had _ these 
properties. Their investigation included 
experiments with human subjects who 
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Avco makes things better for America 
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Aveo today 


Crosley 
Height Finder 
has range, 
will travel 


Mighty radar stations are the fixed 
listening posts of America’s continental 
air defense system. But they are not 
enough. Troops on the move also need 
warning of approaching hostile aircraft. 


A new radar was needed. It had to be 
light enough for easy transport, tough 
enough to withstand campaign conditions, 
and powerful enough to scan heights 
beyond the reach of any device previously 
available. The assignment of designing, 
building and producing it was given 

to Avco’s Crosley Division. The MPS-16 
height finder is the result. Working in 
cooperation with the ARDC’s Rome (N.Y.) 
Air Development Center, Crosley has 
given the Air Force and Marine Corps 
another great contribution for 

national defense. 


THIS IS AVCO 


Avco today is a diversified organization 
whose products include aircraft power 
plants and structures, electronics for 
defense and industry, and specialized 
home and farm equipment. Avco’s 
divisions and subsidiaries are: 


Lycoming—aviation, marine and industrial 
power plants...Crosley—electronics systems 
and aircraft structures ... American 
Kitchens—kitchen equipment and 
architectural porcelain ... New Idea and 
Ezee Flow—specialized farm equipment... 
Research and Advanced Development— 
missile and allied research . . . Crosley 
Broadcasting Corporation—the WLW 
radio and TV group... Moffats Limited 
(Canada)—commercial gas and heating 
equipment. 


Scientists interested in unusual opportuni- 
ties for advancement can grow with Avco. 


Avco Manufacturing Corporation 
420 Lexington Avenue, New York, N. Y. 


were given large doses of barbiturates 
over a period of months and then ab- 
ruptly taken off the drug. 

They found that the barbiturates 
acted as addicting drugs in every re- 
spect—physical and psychic. The men 
behaved like chronic alcoholics: they 
neglected their appearance and hygiene, 
became confused and quarrelsome, 
showed unpredictable mood swings and 
lost physical coordination and the men- 
tal discipline necessary for simple games. 
After abrupt withdrawal of the drug, the 
subjects began within a few hours to 
show signs of increasing apprehension 

= nell and developed weakness, tremors, nau- 
Ts js eS dome udecteat, Mil | sex and vomiting In the next five day 
propellant sustainer unit developed and produced | most of the subjects had convulsions like 
by Thiokol Chemical Corporation. those of epilepsy and an acute psychosis 


How Thiokol uses sien intecinson 
the Instron Tester 


The Lexington investigators also made 
Solid propellant rocket engines, de- 


in action 


INSTRON :. : 
in industry 


50,000 barbiturate addicts, compared 
with a million chronic alcoholics. Never- 
theless, in view of the easy access to the 
barbiturates, the public does need to be 
alerted to their addictive property. 

The saving fact is that it takes ex- 
traordinarily heavy use of these drugs to 
produce addiction. Subjects who have 
taken a fifth of a gram (twice the usual 
sleeping dose) every night for a year 
have shown no withdrawal symptoms 
after stopping the drug. In contrast, mor- 
phine, taken in the usual hospital doses 
for as short a time as 30 days, produces 
definite physical dependence. Moderate 
use of the barbiturates, in the doses pre- 
scribed by physicians, will not lead to 
addiction. Those who become addicts 
are probably, in the main, drug-users 
who turn to the barbiturates because 
they cannot get narcotics, alcoholics who 
seek relief from alcohol withdrawal 
and, in general, abnormal personalities 
who are addiction risks for any intoxi- 
cation that will give psychic relief. 
Whether stricter Federal laws are need- 


similar tests on dogs. They too exhibited 
withdrawal symptoms. In their “canine 
veloped and produced by Thiokol Chemi- 
cal Corporation, are the power plants that 


delirium” the dogs would stare at a blank 
put the ‘“‘go” into many of our guided 


missiles. 
The solid propellant that powers these 


wall and move their heads, eyes and ears 
as if responding to imaginary animals, 
people or objects; even while alone in a 
cage a dog would growl as if being 
attacked. 


ed to control misuse of the barbiturates 
has been a matter of considerable con- 
troversy. 


engines must be resilient enough to with- 
stand extreme temperatures and very 
rough handling. Thus, numerous tensile 
tests are required to determine how each 
propellant formulation will perform in a 
rocket engine. In performing these critical 
tests, Thiokol relies on the electronic ac- 
curacy of the Instron Universal Testing 
Machine. 

Thiokol is another in the long list of 
leading companies in many different fields 
who count on Instrons to perform uni- 
versal testing and measuring functions, 
including tension, compression, hysteresis 
and elastic modulus . . . on materials ranging 
from acetate to zirconium. 


For facts booklet, write: 


Stories in the press have greatly ex- 
aggerated the extent of barbiturate ad- 
diction in the U. S. “Thrill pills,” “goof 
balls,” “wild geronimos,” “red devils” 
(secobarbital), “yellow jackets” (sodi- 
um pentobarbital) , “blue heaven” (amo- 
barbital) —all these terms certainly have 
a currency in a limited circle of addicts, 
but the number of addicts is not nearly 
so large as some of the stories have al- 
| leged. There are probably not more than 


Biologists look forward to the day 
when progress in medicine will make 
all present drugs, including the bar- 
biturates, obsolete. Better understand- 
ing and treatment of the personal and 
social causes of anxiety should reduce 
our present reliance on chemical aids 
to tranquility and sleep. Meanwhile 
the barbiturates can teach us much 
about the functions of the brain and 
so help lead toward that more tranquil 
day. 
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rate of strain achieved by Instron’s electronically 
controlled crosshead. Note that jaws grasp dumb- 
bell-shaped sample at edges to reduce possibility of 
propellant failure at other than its minimum cross 
section, 
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SODIUM BARBITAL (lower right) can be made from barbital (shown at top of diagram 
in its two forms) by addition of sodium hydroxide (NaOH) and the elimination of water. 
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STEAM BOILER 


Simple, low-cost plants are the key to power from the atom at a competitive 
price. Sooner than you think, nuclear reactors may be as simple as a steam 
boiler. That’s why the future of cheap atomic power looks more promising. 
Optimism is based on new test results with Monsanto functional fluids... 


Blood for the veins of nuclear reactors 


““Burning”’ fuel in the core of a 
nuclear reactor—theoretically—is 
as easy as firing coal in a furnace. 
The hard, practical problem has 
been to capture heat from the 
reactor and transfer it at low cost 
to a steam generator. Now, new 
test results with Monsanto syn- 
thetic fluids indicate that organic 
chemicals can transfer heat more 
economically than other materials. 


Unique properties of these syn- 
thetics from Monsanto’s store- 
house of functional fluids break 
the barrier to lower costs in re- 
actor construction. Their low 
vapor pressure at high tempera- 
tures eliminates the need for high- 
pressure equipment. Since they 
do not corrode common construc- 
tion materials, such as mild steel 
and aluminum, costly metals are 
not required in equipment. And 


because these organic fluids do 
not emit gamma radiation even 
while under neutron bombard- 
ment, thick secondary shielding 
is unnecessary for safety. 


Work by Atomics International at 
the National Reactor Testing Sta- 
tion in Idaho has already spurred 
plans for a commercial power 
reactor with Monsanto terphenyl 
compounds as the “coolant- 
moderator.’ Meanwhile, research- 
ers are studying other Monsanto 
organic fluids, such as isopropyl 
biphenyl and biphenyl, which may 
be more desirable in certain types 
of reactors. Some engineers believe 
a mixture of organic liquids may 
prove to be the best coolant of all. 
Whichever proves best, Monsanto 
organic fluids promise to help ease 
the cost pinch on atomic power. 


WHEN YOU NEED A SYNTHETIC FLUID, COME TO MONSANTO— 


Creator of Fluids for the Future 
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YOUR FLUID 
PROBLEMS INVITED 


For virtually any kind of equip- 
ment, including atomic reactors, 
Monsanto can supply or de- 
velop the special fluid needed. 
Monsanto 8 a stockpile of 
commercial chemical fluids plus 
a backlog of experience in de- 
veloping the first fire-resistant 
hydraulic fluid, special lubri- 
cants, coolants and dielectrics. 
If your engineering calls for a 
fluid to absorb, dissipate or trans- 
mit heat, electrical or mechan- 
ical energy .. . ask Monsanto to 
help. Just call or write: 


MONSANTO CHEMICAL 
COMPANY 

Organic Chemicals Division 
Department SA-3 

St. Louis 24, Missouri 


Monsanto 


® 
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Can you use the unique 
combination of properties 
offered by ‘“MYLAR’?? 


REMARKABLE TOUGHNESS. “Mylar” 
is the strongest flexible plastic film ever 
made ...tough even in extra-thin gauges! 


HIGH DIELECTRIC STRENGTH. Aver- 
age of 4,000 volts per mil... average power 
factor of 0.003 at 60 cycles . .. dielectric 
constant above 3.0 at 72°F., 1,000 cycles. 


is unaffected by oils, grease . . . most 
acids and alkalies, moisture and solvents! 


Here’s how Du Pont MYLAR” helps Western Electric 
speed production of communication cable 


PROBLEM: Western Electric’s new 
long-life, high-dielectric communica- 
tions cable posed a challenging prob- 
lem for production engineers. The 
problem was this—how to efficiently 
extrude an outer jacket of polyethyl- 
ene without fusing the inner pairs of 
wires also coated with polyethylene. 


SOLUTION: After extensive tests with 
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combinations of materials, a tape of 
DuPont ““Mylar’’* polyester film and 
rubber was selected to act as a heat 
barrier. 


RESULTS: Western Electric reports 
that abrasion-resistant ‘‘Mylar’’, 
with its hard, durable surface, helps 
the core binder tape run smoothly 
on its equipment without snagging 
or tearing. Because of its high tensile 
strength and melting point, ““Mylar”’ 
helps prevent corrugations of the 


electrostatic aluminum shield from 
breaking through the tape and short- 
ing the cable. 

HOW CAN “MYLAR” HELP YOU? 
Whether you make guided missiles 
or tiny components, you may be able 
to capitalize on the outstanding com- 
bination of properties found in tough, 
transparent ‘“‘Mylar’’ film. For a 
booklet containing technical data 
plus information on successful appli- 
cations, send in the coupon below. 


*«MYLAR" is Du Pont’s registered trademark for its brand of polyester film. 


eS a ey ‘ -5 
| =. 1. du Pont de Nemours & Co. (Inc.) | 
| Film Dept., Room SA-1, Nemours Bldg., Wilmington 98, Del. if 
| Please send the new booklet listing properties, applications and | 
types of “‘“Mylar’’ polyester film available (MB-11.) | 
Application 
Name Title. | 
Company ] 
Address | 
City State H 
as cs a a | 
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PNP ALLOY-DIFFUSED DRIFT 
TRANSISTOR STRUCTURE 


Opportunities for Semi-Conductor Engineers at 


CONTACT 


INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 


Would you like to play a major role in the 
design, development, manufacture and appli- 
cation of transistors? 


IBM now has challenging assignments in the 
product development and application of semi- 
conductor devices for commercial data processing 
equipment. There are unlimited opportunities for 
professional achievement and advancement in our 
Laboratories at Endicott and Poughkeepsie, New 
York, and at our Manufacturing Facilities at 
Poughkeepsie, New York. 


Advanced degree in electrical, mechanical 
or chemical engineering, physics, metallurgy 
or chemistry, and 


- At least 2 years’ experience in the design, 
development, manufacture or application of 
semi-conductor devices and materials. 


Additional career opportunities are available in 
the following fields: 


¢ Numerical analysis and programming 


e Memory devices 


For details, just write, outlining background 
and interests, to: 


Mr. R. A. Whitehorne, Dept. 659M 
Mgr. of Technical Recruitment 


International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 


DATA PROCESSING 

ELECTRIC TYPEWRITERS 
MILITARY PRODUCTS 

SPECIAL ENGINEERING PRODUCTS 
SUPPLIES 

TIME EQUIPMENT 


Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, 
Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif, 
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